Oxygen free radials, including superoxide (0; 1 and hydroxyl (OH.) radicals, and H 2 0 , in high concentrations are toxic in a number of ischaemic animal models and t o cultured cells. Here we report that oxygen free radicals in lower concentrations stimulate fibroblast proliferation.
Passage 3-5 fibroblasts from skin biopsies or operative Dupuytren's contracture palmar fascia specimens (Murrell et ul., 1087) were cultured in Dulbecco's modification o f Eagle's medium supplemented with 10%, (v/v) fetal calf serum. Each well of a 1.6 cm 24 multiwcll tissue culture plate was seeded with 4 x 10" fibroblasts and cultured for 48 h (near confluence). The medium was then replaced with 1.0 ml of medium containing the agents to be tested. In thymidine incorporation experiments, this medium also contained 1.0 pCi of [3H]thymidinc and carrier thymidine t o a final concentration of 5.0 pM-thymidine (Puzas & Brand. 1986) . After 4 h of incubation at 37"C, the cell layer was harvested, processed and the radioactive, acid-insoluble fraction measured by liquid scintillation spectrometry to give an estimation of the rate of cell proliferation. Cell density was determined using a 1 mm? eyepiece graticule at 6 and 24 h. Cell morphology parameters were calculated at 4 h using a Zeiss modulator system for quantitative digital image analysis (MOP AM02).
Oxygen free radicals were generated by three systems (xanthine oxidase and hypoxanthine. glyceraldehyde in phosphate-buffered saline and H,O,). Oxygen free radicals in high concentrations ( > 10 units of xanthine oxidase/ml with lo-' M-hypoxanthine; > lo-' M -H~O ? ; > lo-' Mglyceraldehyde) visibly damaged cultured human fibroblasts, reduced cell density and inhibited thymidine incorporation. In contrast, lower concentrations of free radicals ( 10-'-10-' units xanthine oxidase/ml; IWJ-10 -" M-glyceraldehydc; 10 -' M-H~O:) stimulated thymidine incorporation and increased mean cell area, maximum length and cell density (Fig. 1) . Both the stimulatory and inhibitory effects of xanthine oxidase were inhibited if xanthine oxidase was heat inactivated for 10 min at 1 00°C or lo-' ~-allopurinol (a competitive inhibitor of xanthine oxidase) was added. or 0; and HzOz scavengers added (60 pg of superoxide dismutase/ ml and 250 units catalase/ml).
The concentrations of free radicals which stimulated proliferation were similar to those produced by cultured fibroblasts themselves (Murrell et al., 1989b) , a finding confirmed by the observation that free radical scavengers when added alone inhibit fibroblast proliferation (Murrell et al., 1 0 8 9~) . These results it7 vitro may help explain fibroblast proliferation in fibrotic conditions such as Dupuytren's contracture where localized hypoxia can induce free radical production (Murrell er ul., 1987) . Free radicals generated by the hypoxanthine/xanthine oxidase reaction. Mean thymidine incorporated in control group was 13 pmol/l0' cells. D, M-hypoxanthine with l o -' units denatured xanthine oxidase/ml. ti = 6, mean
